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tics derived from vital registration (VR) systems are the most important source of data for meeting policy needs. VR data provide details on the underlying cause of death, date of death, and other selected characteristics of the deceased. Unfortunately, few countries have good-quality data on mortality (1) , and those that do tend to be the more developed ones (2) .
Although imperfect, estimates of heath indicators are essential for improving overall public health (3) . Such estimates are particularly crucial for some countries in Latin America where the quality of national mortality data is a major concern. The Pan American Health Organization (PAHO) has reported that under-registration of deaths in the region varies from 0% to 42% (4) . Furthermore, national cause-of-death statistics for countries with imperfect data are likely to be misleading because they may conceal important differentials between population subgroups (5) .
Brazil, which has the fifth-largest population in the world, is divided into five
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administrative regions based on geography and economic activity. Despite recent economic and social development at the national level, there is considerable regional variation when income and social inequalities are taken into consideration (6) . The Northeast region, which is home to 53 million Brazilians or 28% of the population, is weakly industrialized and thus remains underdeveloped, with the lowest human development index (HDI) among Brazil's five regions (7) . The South region is the wealthiest and has the highest standard of living in the country. Hence, Brazil essentially comprises two different "countries": the Southern regions, which are dynamic and powerful, and the Northern regions, which are poor and less developed (8) .
Due to the heterogeneous quality of the VR data across Brazil, substantial methodological problems arise when comparing patterns among causes of death at the subnational level (9, 10) . Although several studies have noted problems with data quality in the analysis of mortality risks in various regions of Brazil (11) (12) (13) (14) , only a few have adjusted mortality rates for the potential bias introduced by undercounting and misdiagnoses, and those that did only reported mortality risks from specific causes of death (15, 16) .
This study is a follow-up to research published in 2008 that analyzed the quality of Brazil's mortality data for [2002] [2003] [2004] , and the methods used for their measurement (10) . Using the same time period in the current study allowed for the use of knowledge about potential biases described in the 2008 study, avoiding the need to present and explain the factors used to adjust the data. These follow-up data provide a baseline for studying trends in future mortality differentials and underscore the importance of credible cause-of-death analysis for underdeveloped regions. The purpose of the study was to present how the adjustment of incompleteness and misclassification of causes of death in VR information systems can contribute to more accurate estimates of the risks of mortality from leading causes of death in Brazil's Northeast region.
MATERIALS AND METHODS
A cross-sectional analysis of registered causes of death in Brazil's Northeast region for the period 2002-2004 was carried out. To correct observed biases in the data, several adjustment methods were applied, the details of which are described below. In brief, the data were first adjusted for undercount of death registration, which yielded an estimate of the true total number of deaths by age and sex in the region. Next, deaths with missing sex and/or age were proportionately distributed pro rata across the defined categories. Subsequently, the reported cause-of-death structure was adjusted for the discrepancies arising from improper death certification and coding that had resulted in deaths being allocated to ill-defined causes or categories of limited public health utility. The adjusted proportionate cause structure was fitted to the estimated total deaths to derive mortality estimates by age, sex, and cause.
Estimating total mortality
Estimates of the total number of deaths by age and sex were based on the results of the sex-specific life tables for the Northeast region described elsewhere (10) . In brief, this life table was constructed using the National Household Sample Survey (NHSS) estimate of child mortality from 2003 and an adjusted estimate of adult mortality (derived by applying the extinct generation method (EGM) to estimate undercount) as inputs into the modified-logit life table system (17) . As the EGM method assumes that death undercount is constant across all adult ages, the uniform EGM estimate of completeness of death registration for all ages above 5 years was further adjusted by accounting for variations in completeness in different age groups based on recent evidence (18) . Correction factors of estimated mortality undercount for each age group and sex were then applied to the observed mortality data to estimate the mortality "envelope" (total number of estimated deaths) by age and sex.
Correcting causes of death
To correct potential miscoding of the causes of death, registered deaths of people residing in the Northeast region of Brazil between 2002 and 2004 were averaged to derive an annual number of registered deaths by age, sex, and cause during that period. Next, the detailed ICD-10 4 codes for cause of death were retabulated according to the list summary used in the World Health Organization (WHO) global burden of disease (GBD) study (19) . Correction algorithms were then applied for the various causes of death as described below:
• (24, 25) found that about 6% of defined causes of death detected after investigation of registered ill-defined conditions were identified as being due to injuries. This proportion was applied to correct for undercount of injury deaths in men, and the observed male-to-female mortality ratio (M:F MR) for injuries was used to correct for undercount in females. Injuries of undetermined intent were redistributed pro rata by age and sex to the GBD categories for intentional and unintentional injury.
• Ill-defined causes: Following the adjustments described above, deaths assigned to general ill-defined codes (ICD-10 codes R00-R99) were redistributed proportionately by age and sex to other causes, apart from injuries.
Estimating cause-specific mortality rates
The resultant cause-specific proportions were then applied to the mortality envelope to calculate the average annual number of deaths by cause, age, and sex in the Northeast region of Brazil for 2002-2004. Then, age-standardized mortality rates by cause, with and without the corrections described above, were computed for the Northeast region. For subnational comparative analysis, similar rates were derived for the South region, after adjusting the VR data using the same methods described above. In this case, the adjustments to the causeof-death data were much less extensive.
To control for the effect of variable age distributions among regions, directly standardized mortality rates by cause of death and by sex were calculated using the age distribution of the Brazilian population in the 2000 census as the standard. Mortality rates from the South region were used as the reference rates.
RESULTS
The average annual distribution of selected characteristics for the Northeast and South regions of Brazil for 2002-2004 is shown in Table 1 . The risk of child death in the Northeast region is estimated to be more than twice that in the South region for both sexes. A high proportion of unregistered deaths in the Northeast region leads to overestimation of life expectancy when using uncorrected VR data. The high proportion of ill-defined causes as well as misclassification of registered deaths to nonspecific categories of cardiovascular diseases, cancers, injuries, and digestive and respiratory tract diseases are major policy concerns in the Northeast region versus the South region.
The relative importance of the leading causes of mortality in terms of the number of deaths at all ages in the VR data for the same period, with and without correction for undercount and misdiagnosis, can be seen in Table 2 . For males, homicide ranked first in the original VR data but third in the adjusted data. After adjustment, cerebrovascular disease and ischemic heart disease (IHD) were estimated to have caused 20% of all deaths in men and 23% of deaths in women during the 2002-2004 period. In general, the adjustments had little impact on the rank order based on proportional mortality for the majority of the 20 leading causes of death, with the exception of ill-defined diseases, which ranked first in the observed VR data.
The importance of adjusting the data was illustrated by the substantial changes in the magnitude of risks of mortality from these causes, as shown in Figures 1a and 1b , which compare the original and adjusted average annual age-standardized mortality rates for the Northeast region. Adjusted death rates in males doubled for IHD, lower respiratory infections, chronic obstructive pulmonary disease (COPD), perinatal conditions, prostate cancer, and cirrhosis. For females, rates of IHD, lower respiratory infections, COPD, road traffic accidents, diarrheal diseases, congenital anomalies, protein-energy malnutrition, stomach cancer, and maternal conditions were also more than 100% higher than suggested by the original data ( Figures  1a and 1b) . Table 3 shows average annual age-standardized mortality rates in the Northeast region compared to the South region for the same three-year period. The rates for males are higher in the Northeast region versus the South region for almost all diseases except IHD, COPD, lung cancer, stomach cancer, and prostate cancer. Females in the Northeast region were also estimated to have higher death rates from almost all causes, apart from COPD, lung cancer, and breast cancer. Rate-ratios were two or more times higher in the Northeast region for diarrheal diseases, proteinenergy malnutrition, and perinatal conditions, for both males and females, and for maternal conditions in females.
DISCUSSION
The findings of this study emphasize the importance of correcting VR data for under-registration and misclassification of causes of death in the Northeast region. Corrected cause-specific mortality rates are higher in this region than in the South region for the majority of causes of death, including several noncommunicable conditions. Corrections substantially increase the inequality in death rates for almost all causes across these two regions, with concomitant changes in the rank order of some important causes of death.
Although mortality rates from cardiovascular diseases, particularly cere- (11, 13, 14) , the current findings suggest that the Northeast region's population is at higher risk of dying from stroke, as from all other cardiovascular diseases except IHD, than the population in the wealthier South region. This confirms the inverse association between cardiovascular diseases and social and economic factors found in an earlier study conducted in 98 Brazilian municipalities (26) . Diabetes has risk factors similar to those for cardiovascular diseases, such as obesity and unhealthy dietary habits, and is associated with increased mortality risks (14, 27 ). An important increase in diabetes mortality was suggested by the results obtained after adjusting cause-ofdeath statistics for the Northeast region population. Higher risk of death from diabetes among this population versus the South region's population is likely to have important implications for health planning in the country.
The leading cause of injury deaths among men in the Northeast region was homicide, followed by road traffic accidents and drowning. The risk of dying from homicide was 30% higher in this region compared with the South region, based on observed VR data (not shown (28) . Homicide and road traffic accidents are a much greater cause of death among males than females. Although mortality rates from traffic accidents based on crude death registration data were higher in the South region versus the Northeast region (data not shown), the correction methods that were applied suggest that they were relatively similar. Alcohol, excess speed, and poor conservation of roads and highways, as well as a high number of motorcyclists, are important determinants of the high death rate from traffic accidents in Brazil (29, 30) .
This study confirmed the likelihood of injuries being miscoded to ill-defined diseases, as detected in previous research (24, 25) . Furthermore, recent evidence from Brazil indicates that 14% of recorded ill-defined conditions and unrecorded deaths investigated with verbal autopsy in some cities of Minas Gerais State (Southeast region) were injuries that were not recorded in the VR data (31). Hence, this study's redistribution of a proportion of ill-defined deaths to injuries is innovative, as the original GBD study assumed that injuries were well documented and thus proposed redistribution of ill-defined causes only for natural causes (19) .
Prostate, lung, and stomach cancer were the most common types of cancer deaths among men in the Northeast region. For women, four types of cancer were ranked among the 20 top causes of death: breast cancer, cervix uteri cancer, lung cancer, and stomach cancer. Using the rates in the South region as a reference, an excess mortality risk in the Northeast region occurred only for cervical cancer. Cervical cancer is one of the most treatable cancers if diagnosed at an early stage and treated effectively. As uptake of preventive tests in Brazilian women is associated with access to medical care (32), the higher occurrence of cervical cancer in the Northeast is probably due to poor access to early diagnostic measures such as Pap smear screening (16) . Higher mortality rates from breast cancer in the South region may be explained by a higher prevalence of various risk factors such lower fertility rates, which have been reported to be associated with incidence in the Americas (33) . Higher risks of death from lung cancer among men and women in the South region are likely to be the result of higher tobacco use (34) . In the case of prostate cancer, mortality rates are relatively similar in the two regions even though prognostic measures such as digital rectal examinations and prostatespecific antigen (PSA) level tests, which are associated with better survival rates (35) , are likely to be less widely available in the Northeast region. Patterns of mortality from lower respiratory infections, nephritis and nephorosis, and alcohol use disorders obtained from the observed data indicated lower death rates in the Northeast region versus the South region (data not shown). Corrected data for these conditions were strikingly different, however, showing higher mortality risks in the Northeast Crude rates Adjusted rates region. COPD was higher in the South region in both the observed and corrected VR data. This finding is not surprising considering the South region's higher prevalence of smoking (34) , which is estimated to be responsible for at least 75% of COPD deaths (36) . Perinatal conditions, diarrheal diseases, protein-energy malnutrition, and congenital anomalies, although more frequent among children under 5 years old, ranked among the leading causes of mortality at all ages in the Northeast region. Risks for death due to the former three causes and maternal conditions for females were at least two times higher in the Northeast region versus the South region. This implies a much higher number of deaths in the Northeast region, a situation that could be avoided through public health interventions such as those designed to increase accessibility to health care. One positive note is the finding that prevalence of child malnutrition in the Northeast region fell by almost threequarters between 1996 and 2006 due to increasing purchasing power among the poorest families, and improvements in maternal schooling (37) .
Since 2005 the Brazilian government has implemented initiatives that target a reduction in ill-defined causes of death in both the North and Northeast regions (38) . In 2008, ill-defined conditions still accounted for 7.9% of all deaths in the Northeast region (data available from www.datasus.gov.br). Thus, the impact of improvements in cause-specific mortality data must be considered when interpreting trend analyses, especially given ongoing efforts to improve the quality of recorded causes of death in Brazil.
Given the importance of maximizing the public health utility of cause-ofdeath data, new correction approaches have been developed, essentially based on a review of the typologies of residual category codes, leading to improved methods for assigning such deaths to a set of underlying causes (39) . This study was consistent with these efforts and the conceptual approach developed in the GBD study (19) and had the added advantage of access to local evidence, which was incorporated into the redistribution process as described by Akgün et al. (40) . This use of local data enhances the comparability of the study's results on risks of death from leading causes at the subnational level in Brazil.
This study had some limitations stemming from the procedures used to ascertain accurate mortality rates. First, in accordance with the methodology used to redistribute ill-defined cardiovascular codes, a fraction of the deaths corresponding to those codes were reassigned to IHD. However, the procedure used to determine that fraction could have overestimated it (21) . Nonetheless, after correction, the findings on stroke and IHD mortality differentials between the Northeast region and the South region are consistent with other international data that indicate stroke is more important in middle-income countries and IHD is of greater magnitude in high-income countries (41) . The second limitation is the possibility that the GBD methods used to correct cancer mortality rates may have overestimated the cancer mortality risks, based on local evidence that cancer is recorded more accurately in registration data, and is much less likely to be classified to ill-defined categories, compared with other natural causes (15, 24) .
In conclusion, the current findings suggest the use of caution when interpreting observed VR data from Brazil's Northeast region or any data from countries at a similar level of development. Without adjustment, observations about the health situation are likely to be misleading, and socioeconomic inequalities hidden. Despite some unavoidable uncertainty in the processes of correction and estimation used in mortality analysis, all cause-specific mortality rates in poor populations should be adjusted for undercount and misdiagnoses in order to more reliably describe disease patterns.
Objetivo. Presentar de qué manera el ajuste de los datos incompletos y de la clasificación errónea de las causas de muerte registradas en el sistema del registro civil puede ayudar a estimar los riesgos de mortalidad debida a las principales causas de muerte en el nordeste del Brasil. Métodos. Después de calcular el número total de defunciones por edad y sexo en el nordeste del Brasil entre 2002 y 2004 mediante la corrección del subregistro de los datos del registro civil, se aplicaron algoritmos de ajuste a la estructura de las causas de defunción notificadas. Las tasas de mortalidad promedio anuales estandarizadas por edades se calcularon según la causa, con y sin las correcciones, y se compararon con las tasas de mortalidad de la región meridional del Brasil después de efectuar un ajuste de los posibles diagnósticos erróneos.
Resultados. Las tasas de mortalidad debidas a cardiopatía isquémica, infecciones de las vías respiratorias inferiores, enfermedad pulmonar obstructiva crónica y enfermedades perinatales fueron más de 100% mayores para ambos sexos que las sugeridas por los datos habituales del registro civil. Las tasas de mortalidad corregidas por causa específica fueron mayores en la región del nordeste que en la región meridional para la mayoría de las causas de muerte, incluso para varias enfermedades no transmisibles. Conclusiones. La falta de ajuste de los datos del registro civil para compensar el subregistro de los casos notificados y los diagnósticos erróneos ocasionará una subestimación del riesgo de mortalidad para las poblaciones de la región del nordeste, más vulnerables que las de otras regiones del país. Para comprender de manera más fiable el patrón de las enfermedades, en las poblaciones pobres deben ajustarse todas las tasas de mortalidad por causa específica.
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